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(54) Wireless communication set having backlighted display 



(57) A digital wireless communication set with a 
backlighted display (6. 8) wherein a power amplifier (1 2) 
ON/OFF-controlled (40) in a time division fashion for 
communication, a backlight source (8) is driven by back- 
light driving circuit (16) in synchronously with the 
ON/OFF control (40) of the power amplifier (12) so that 



the backlight source (8) is turned on and off during the 
power amplifier (12) is in the OFF condition and the ON 
condition, respectively, so as to reduce power consump- 
tion as well as variation of power supply voltage. 
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Description 

This invention relates to a wireless communication 
set with a backlighted display and, In particular, to a 
driving of a backlight source in such a wireless commu- s 
nication set. 

A wireless communication set such as a wireless 
telephone set Is known in the art which has a transmitter 
including a power amplifier. In a certain communication 
network, for example, a digital communication network io 
such as a TDMA (Time Division (Multiple Access) net- 
work system, the power amplifier is repeatedly tumed 
on and off in a time division fashion to send out an Infor- 
mation signal as a burst signal In a time slot allotted 
thereto. That Is. the power anrplifler Is cyclically and is 
aiternatingiy brought Into an ON condition and an OFF 
condition. Thus, repetition of increase and decrease Is 
caused in an electric current used in the power ampli- 
fier. This results in undesired variation of a power supply 
voltage for various other circuit portions in the wireless 20 
telephone set. 

This problem is severe In the wireless telephone set 
of a battery-powered portable type having an electric 
cell or battery. 

For exanple, In a cellular phone for use in the Cel- 2s 
lular Communications System, an output power for 
transmission Is usually several tens milliwatts to several 
watts, and an electric current of several tens milllam- 
peres to several hundreds mllliamperes Is consumed 
therefor in ^e power amplrfier. This results in voltage so 
drop due to presence of internal resistance In the elec- 
tric cell and/or ImpedcUice In a printed circuit board used 
therein. The voltage drop is varied according to the 
ON/OFF control of the power amplifier to thereby cause 
variation of the power supply voltage. 35 

On the other hand, the wireless communication set 
of a type described above often has a backlighted dis- 
play for displaying information such as a telephone 
number, a time, and others which is lighted behind by a 
backlight source. 40 

For the display, there Is known a liquid crystal dis- 
play (LCD), and the display is backlighted by a light 
emission diode or an electric luminescent (EL) device 
as a backlight source. 

The wireless communication set having the back- 45 
lighted display has a problem that a relatively large elec- 
tric current is consumed for backlighting the display 
Thus, the power supply voltage Is lowered by the back- 
lighting in addition to the power supply voltage variation 
due to ON/OFF operation of the power amplifier. This so 
accelerates to reduce the life time of the electric cell. 

Therefore, it Is a general object of this Invention to 
provide a wireless communication set having a back- 
lighted display with a reduced power consunnptlon. 

It is a specific object of this invention to provide a ss 
battery-powered digital telephone set of a portable type 
having a backlighted display with a reduced power con- 
sumption of a battery 

This Invention Is applicable to a wireless communi- 



cation set which has a backlighted display and with a 
power amplifier on/off controlled in a time division fash- 
ion for communication, for example, a digital portable 
telephone set for use in a TDMA telephone network sys- 
tem. 

According to this invention, the wireless communi- 
cation set is provided with backlight driving circuit for 
driving a backlight source in synchronously with the 
ON/OFF control of the power amplifier so that the back- 
light source is turned on and off during the power ampli- 
fier Is in the ON condition and the OFF condition, 
respectively. 

According to an aspect of this invention, the wire- 
less communication set comprises power amplifier con- 
trol means for producing an ON/OFF control signal to 
control the ON/OFF condition of the power amplifier, 
wherein the backlight driving means comprises: light 
control signal generating means receiving the ON/OFF 
control signal for producing a light control signal; switch- 
ing means receiving the light control signal for switching 
on and off an electric power supply to the backlight 
source. 

In the wireless communication set. the ON/OFF 
control signal has time serial and alternating first and 
second signal levels, each of the first signal levels and 
each of the second signal levels are corresponding to 
the ON and OFF conditions of the power amplifier. The 
light control signal has time serial and alternative 
switch-off signal levels and switch -on signal levels cor- 
responding to the first and the second signal levels, 
respectively. The switching means switches on and off 
the power supply to the backlight source corresponding 
to the switch-on and switch-off signal levels, respec- 
tively. 

According to another aspect, the wireless commu- 
nication set may further comprising light-on signal gen- 
erating means for generating a light-on signal. The light 
control signal generating circuit produces the light con- 
trol signal during a time when the light-on signal is main- 
tained. 

According to an embodiment, the light control sig* 
nal generating circuit comprises an Inverter responsive 
to the ON/OFF control signal to produce an inverted sig- 
nal, and an AND gate circuit having two Input terminals 
for receiving the light-on signal and the Inverted signal, 
and an output terminal for producing the light control 
signal. 

Rg. 1 shows a circuit block diagram of a portable 
digital telephone set for use in the TDMA telephone 
network system according to one embocOment of 
this Invention; and 

Rg. 2 shows voltage and current variations at vari- 
ous points in the circuit block diagram in Rg. 1. 

This invention will be described in connection with 
an emk>odlment applied to a digital portable telephone 
set for use in TDMA telephone network system, that is, 
so called a cellular phone set used in the Cellular Com- 
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munications System. 

Referring to Fig, 1 , the cellular phone set shown 
therein comprises a pack of electric cells or batteries 1 . 
£ind a telephone circuit 2 powered by the cells 1 through 
power supply terminals 3. The telephone ciroiit 2 
Includes transmitter/receiver porton 4, control portion 5, 
display portion 6, and keyboard portion 7. The display 
portion 6 is provided with backlight device 8 having light 
emitting elements 8a such as light emission diodes. 

The transmitter/receiver portion 4 is supplied with 
an electric power from the cells 1 through a power 
switch 9 and a voltage regulator 1 0, and the control por- 
tion 5 and the display portion 6 are supplied with an 
electric power from the cells 1 through the power switch 
9 and another voltage regulator 1 1 . 

The transmitter/receiver portion 4 includes a power 
amplifier 12 which is cyclically supplied with the electric 
power through a switching circuit 13 comprising switch- 
ing transistors 13a and 13b. The switching circuit 13 is 
controlled by an ON/OFF control signal 40 to bring the 
power amplifier 12 into an ON condition or a power-on 
condition and an OFF concfition or power-off condition 
afternatingly to send out an information signal as burst 
signals into time slots allotted to the telephone set in the 
TDM A telephone network system. 

On the other hand, the backlight device 8 is sup- 
plied with the electric power from the voltage regulator 
11 through a switching circuit 14 comprising switching 
transistors 14a and 14b. The switching circuit 14 is con- 
trolled by a light control signal 41 from a light control sig- 
nal generator 15 and switched on and off so that the 
light emission diodes 8a are turned on and off in syn- 
chronisation of the OFF and ON conditions of the power 
amplifier 12, respectively. The light control signal 41 is 
generated from the ON/OFF control signal 40 and a 
light-on signal 42 at a light control signal generator 15 
which comprises an inverter 15a for inverting the 
ON/OFF control signal to produce an inverted signal 
and an AND gate 15b receiving the inverted signal and 
the light-on signal 42 to produce the light control signal 
41. 

Thus, the display 6 is backlighted by the backlight 
device 8 during continuation of tiie light-on signal 42. 
Therefore, the switching circuit 14 £uid the light control 
signal generator 15 serve a driving circuit 16 for the 
backlight device 8. 

The control portion 5 includes a central processor 
unit (CPU) 20, a memory 21 , a display control circuit 22, 
a power amplifier controller 23, a backlight controller 24, 
a key controller 25, and a transmitter/receiver controller 
(T/R controller) 26. The power amplifier controller 23 
generates the ON/OFF control signal 40 under control 
by the CPU 20 and the T/R controller 26 so as to send 
out the burst signals to the allotted time slots. 

The backlight controller 24 generates the light-on 
signal 42 under control by the CPU 20 so as to turn on 
the backlight device 8 for a time duration in response to 
key operation in the keyt>oard 7 and/or reception of a 
calling signal at the transmitter/receiver portion 4. 



In operation, when the power switch 9 is turned on. 
the transmitter/receiver portion 4 and the control portion 
5 are energized through the voltage regulators 10 and 
1 1 , respectively, and the transmitter/receiver portion 4 is 

6 controlled by the T/R controller 26 to perform transmis- 
sion/reception of information signals for a communica- 
tion. In detail, the power amplifier controller 23 
generates the ON/OFF control signal 40 under control 
by tiie T/R controller 26. Therefore, the power amplifier 

w 12 is alternatingly powered on and off by the ON/OFF 
control signal 40. Then, a transmission signal is power- 
amplified by the power amplifier 12 and sent out in a 
time division fashion, as burst signals, into the allotted 
time slots. 

15 Referring to Fig. 2. the ON/OFF control signal 40 is 
shown at (A). Synchronizing to tiie ON/OFF control sig- 
nal 40, the transmission signal is sent out as the burst 
signals at time intervals as shown at (B) in Rg. 2. There- 
fore, a current flows as a transmitting cun'ent from the 

20 cells 1 to the transmitter/receiver portion 4 at tiie same 
intervals, as shown at (C) In the figure. 

Refemng to Rg. 1 in addition to Rg. 2, tiie backlight 
controller 24 generates the light-on signal 42 under tiie 
control by CPU 20 as shown at (D) in Fig. 2 so as to turn 

25 on tiie backlight device 8. The light-on signal 42 is 
applied to one input of the AND gate 15b to open the 
AND gate. While, the ON/OFF control signal 40 from tiie 
power amplifier conti'oller 23 is inverted at the inverter 
15a to produce the inverted signal. The inverted signal 

30 is applied to the other input of tiie AND gate 1 5b. There- 
fore, the inverted signal is passes tiirough the AND gate 
15b to produces the light control signal 41 as shown at 
(E) in Rg. 2. 

Comparing the (A), (D) and (E) in Fig. 2, tiie 

35 ON/OFF control signal 40 comprises time serial and 
alternating first and second signal levels corresponding 
to tiie ON and OFF conditions, respectively, and tiie 
light control signal 41 comprises switched-off and 
switched-on signal levels which are con'esponding to 

40 tiie first and second signal levels of the ON/OFF control 
signal 40, respectively, and are alternatingly repeated 
during continuation of tiie light-on signal 42. 

The switching transistor 14 as in the switching cir- 
cuit 14 is applied with the light conti'ol signal 41 and is 

45 switched off and on by tiie switching off and on signal 
levels of the light control signal 41. Accordingly, the 
switching transistor 14b is also switched off arxj on in 
response to the switching operation of the switching 
transistor 14a and cyclically energizes or drives the light 

$0 emission diodes 8a, as shown at (F) in Fig. 2. Thus, tiie 
light emission diodes 8a illuminate the display behind. 

Data read out from tiie memory 21 and/or inputted 
from the keyboard 7 are displayed on the display 6 
under control of tiie display controller 22. The displayed 

55 images of tiie data are backlighted and can be clearly 
viewed. 

Turning on/off operation of the backlight device 8 is 
repeated at a rate of sending out of tiie burst signals, for 
example, at 50Hz in tiie PDC (Personal Digital Cellular) 
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which is based on the RCR (Research & Development 
Center for Radio System) Standard 27. Therefore, the 
images on the backlighted display can be viewed with- 
out any flicker. 

In turning on/off operation of the backlight device 8. 
a current also flows, as a backlight current as shown at 
(Q) in Fig. 2, from the cells 1 to the light emission diodes 
8a through the voltage regulator 1 1 and switching tran- 
sistor 14b. However, as will be clearly understood from 
Rg. 2, the backlight current (G) does not overlap with 
the transmission cun^ent (C). Therefore, the maximum 
of the total current of the backlight current (G) and the 
transmission cun-ent (C) is the larger one of them as 
shown at (H) and is not increased by use of the back- 
lighted display Accordingly, although the power ampli- 
fier and the backlight device are enployed in 
combination thereof, the terminal voltage of the cells 1 
is equal to that in operation of the power amplifier or 
operation of the backlight device alone, and is not low- 
ered by the combination use, as shown at (I) in Fig. 2. 

Therefore, according to the present invention, volt- 
age variation of the power supply for circuit portions 
other than the power amplifier and the backlight device 
is suppressed, and power consumption is also reduced 
so that the life time of the cells are prolonged. 

For comparison with this invention, it is provided 
that the light control signal generator 15 is not used but 
that the switching circuit 14 is directly controlled by the 
light-on signal 42. 

In the case, the backlight device 8 is energized and 
driven as shown at (J) in Fig. 2 over the time duration 
during the light-on signal 41 is continued as shown at 
(D) in Fig. 2. Therefore, the backlight current also con- 
tinues to flow as shown at (K] in Fig. 2 over the time 
duration during the light-on signal 41 is continued. As a 
result, the maximum of the total current of the backlight 
current (K) and the transmission current (C) is a sum of 
them as shown at (L) and considerably varies in the 
level. Therefore, the terminal voltage of the cells is also 
significantly varied in the level as shown at (M) in Fig. 2. 
This results in erroneous operation of the telephone set 
and reduction of the life time of the cells. 

Claims 

1. A wireless communication set with a backlighted 
display (6, 8) and with a power amplifier (12) 
GN/OFF-contrdled in a time division fashion for 
communication, characterized by backlight driving 
means (16) for driving a backlight source (8) in syn- 
chronously with the ON/OFF-control of said power 
amplifier (12) so that said baddight source (8) is 
turned on and off during the power amplifier (12) is 
in the ON condition and the OFF condition, respec- 
tively. 

2. A wireless communication set as claimed in claim 
1, which is a battery-powered wireless communica- 
tion set 



3. A wireless communication set as claimed in any 
one of claims 1 and 2, which is a portable wireless 
communication set. 

5 4. A wireless communication set as claimed in any 
one of claims 1-3, which is a digital telephone set 
for use in a TDMA telephone network system. 

5. A wireless communication set as claimed In any 
10 one of claims 1-4, comprising power amplifier con- 
trol means (23) for producing an ON/OFF control 
signal (40) to control tiie ON/OFF condition of said 
power amplifier (12), wherein said backlight driving 
means (16) comprises: 

15 

light control signal generating means (15) 
receiving said ON/OFF control signal for pro- 
ducing a light control signal (41); 
switching means (1 4) receiving said light con- 
20 trol signal (41 ) for switching on and off an elec- 

tric power supply to said backlight source (8). 

6. A wireless communication set as claimed in claim 
5, wherein: 

25 

said ON/OFF control signal (40) has time serial 
and alternating first and second signal levels, 
each of said first signal levels and each of said 
second signal levels are corresponding to said 
30 ON and OFF conditions of said power amplifier 

(12); 

said light control signal (41) has time serial and 
alternative switch-off signal levels and switch- 
on signal levels corresponding to said first and 
35 said second signal levels, respectively; and 

said switching means (14) switches on and off 
the power supply to said backlight source cor- 
responding to sakj switch-on and switch-off sig- 
nal levels, respectively 

40 

7. A wireless communication set as claimed in any 
one of claims 5 and 6. further comprising light-on 
signal generating means (24) for generating a light- 
on signal (42), wherein said light control signal (15) 

45 generating means produces said light control signal 
(41) during a time when said light-on signal (40) is 
maintained. 

8. A wireless communication set as claimed in 
50 claimed in claim 7. wherein said light control signal 

generating means (15) comprises: 

an inverter (15a) responsive to said ON/OFF 
control signal (40) to produce an inverted sig- 
55 nal: and 

an AND gate circuit (15b) having two input ter- 
minals for receiving said light-on signal (42) 
and said inverted signal, and an output termi- 
nal for producing said light control signal (41). 
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9. A wireless communication set as daimed in 
claimed in any one of claims 1-8. wherein said 
backlighted display is a liquid crystal display (6) and 
said backlight source is a light emission diode (8a). 

s 
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